ABSTRACT
INTRODUCTION
The nutritional importance of zinc has been known for a long time, but in the past decades its importance in immune modulation has gained increased recognition. Zn can come from organic or inorganic sources. The organic forms of zinc include: amino acid chelates, bioplexes, proteins, as well as lactates and acetates. Zinc from amino acid complexes has been reported to be more bioavailable than Zn from the inorganic sources [1, 15] . Zinc-glycin (Zn-Gly) complex has a slightly higher stability constant for Zn than methionine which could be important for better availability for absorption. Zn-Gly can directly or indirectly influence the function of intestinal mucosa and improve the utilization of dietary energy. The immune response of chickens may be modified by the level of zinc in the diet. Supplementation of Zn in diets also improves intestinal morphology by increasing the villus height and reducing the crypt depth in animals [4, 10] .
The National Research Council [9] recommended 40 ppm for broiler chickens, which appeared to be based on the results that considered growth performance as the only criterion [5, 12] . However, there are several reports that demonstrate that higher Zn levels [60-180 ppm] produce better immune growth performance and intestinal function of broiler chickens [13, 14] .
These discrepancies prompted us to evaluate the morphology in the caudal part of jejunum after feed supplementation with different levels of organic and inorganic zinc.
MATERIALS AND METHODS

Animals
A total of 210 one-day-old ROSS 308 hybrid broilers (MACH Hydina Budmerice Ltd., Slovakia) of both sexes were randomly assigned into 5 treatment groups consisting 
Sample collection
After the 40-day feeding period, two birds from each replicate (12 birds/group) were slaughtered for sample collection. Tissue samples from the terminal section of the jejunum were collected for the determination of villus height and surface area.
Intestinal histomorphology
Jejunum samples were fixed in 10 % neutral buffered formalin and prepared using paraffin embedding techniques.
Three consecutive sections (5 µm) from each jejunum were stained using haematoxylin and eosin and observed for histomorphology. The villus height and its area (from the tip of the villus to the crypt opening) were measured from 70 to 100 randomly selected villi with one section per chicken at 100× magnification (Fig. 1) . The morphometry was evaluated using the NIS-Elements Advanced Research 3.0 Programme (commercial purchased programme).
Statistical analysis
Statistical analysis of the data was done by one-way analysis of variance (ANOVA) with the post hoc Tukey multiple comparison test using GraphPad Software (USA).
The differences between the mean values for the different treatment groups were considered statistically significant at P < 0.05, P < 0.01 and P < 0.001. The values are expressed as means ± standard deviation (SD).
RESULTS
Intestinal morphometry
The dietary Zn supplementation increased the villus height of the jejunum in both groups fed the diets enriched and also in Gly-Zn 70 mg.kg -1 group (ab P < 0.001) compared to the BD and Gly-Zn 30 mg.kg -1 groups ( Table 2) . All values are expressed as means ± SD. Means with different superscripts within a row differ significantly ( ab -P < 0.001; cd -P < 0.01; ef -P < 0.05)
The villus height was higher in the group Gly-Zn 70 mg.kg .
DISCUSSION AND CONCLUSIONS
Zinc is known to influence the intestinal morphology and improve absorptive capacity, and enhance growth performance [5, 6] . Moreover, zinc is essential for cell proliferation and differentiation, especially for the regulation of DNA synthesis and mitosis [2) . S o u t h o n et al. [11] demonstrated that Zn deficiency in rats is accompanied On the other hand, recently published immunological parameters from that experiment [3, 7] as quantification of the expression of MUC-2, IgA gene, and evaluation of secretory IgA in the lumen of the intestine, resulted in better affects found in birds fed diet supplemented with low doses of organic source of zinc.
In conclusion, our results demonstrated that an inorganic zinc source increased the height of villi and surface area of villi already after supplementation of feed with a low dose of zinc. On the other hand, the positive effect on the growth of villi was seen only after administration of a high dose of organic zinc in the feed. The villus surface was higher in all groups receiving the Zn supplements in comparison to just the basal diet.
